Over the past decade, adoptive cellular therapy (ACT) has moved from the fringes to the mainstream of experimental immunotherapeutic research. Clinical successes have been reported with each of the three main pillars of this treatment modality: ex vivo expanded tumour-infiltrating T lymphocytes (TILs); genetically engineered T cells expressing tumour-reactive T-cell receptors (TCRs); and tumour-recognizing chimeric antigen receptors (CARs). ACT is based on the principle that bulk delivery of tumour-recognizing T cells will create an immune response that overwhelms malignant lesions, resulting in complete and durable clinical remission. In the case of TCR-based ACTs, transferred lymphocytes are capable of recognizing an antigen that is either exclusive to, or overexpressed in tumour cells in the form of a peptide in the context of a human leukocyte antigen (HLA). By using CAR T-cell-based ACT, these tumour-associated antigens can be detected independently of an HLA and must simply be expressed on tumour surfaces. In a recent report by Tran and colleagues 1 , ex vivo expanded TILs recognizing a KRAS-derived neoantigen in the context of an HLA were used to treat a patient with metastatic colorectal cancer. This work highlights the far-reaching clinical implications undergone a copy-neutral loss of heterozygosity at chromosome 6, a location encoding HLA-C*08:02, leading to the loss of the HLA molecule capable of presenting the mutant KRAS neoepitope to T cells.
Tran and colleagues 1 demonstrate the feasibility and potential of targeting tumour cells via their HLA-restricted display of neoepitopes derived from driver oncogenic mutations, which are present in both primary tumours and subsequent metastases. The appeal of such a strategy is clear, as a tumour is highly unlikely to lose a driver mutation and hence will most likely continuously express fragments of such a mutant oncogene, making it susceptible to elimination by T cells with cognate TCRs. However, as reported by Tran et al. 1 , the introduction of such selective pressures led to the outgrowth of a single metastatic lesion that had lost the chromosomal region encoding the HLA-C*08:02, in essence rendering the tumour cells undetect able to adoptively transferred T cells.
In the past 5 years, the level of interest in ACT has grown substantially, primarily in the area of CAR T cells, with most current clinical experience relating to the targeting of CD19 on B cells in patients with haematological malignancies. In this space, a loss of tumour containment has occurred through a number of rather interesting mechanisms: the emergence of alternatively spliced CD19 isoforms ablating the previously recognizable epitope in patients with B-cell-acute lymphoblastic leukaemia (B-ALL) 2 ; differentiation of a mature B-cell malignancy to a plasmablastic lymphoma lacking CD19 expression 3 ; and lineage switching of B-ALL to a clonally related CD19-negative myeloid leukaemia 4, 5 . Of interest, the latter escape mechanism has also been documented with the use of the bidirectional T-cell engager, blinatumomab 6 , which functions by crosslinking CD19-positive targets with the CD3 molecule on endogenous T cells, thereby leading to the destruction of the former. Interestingly, despite these troubling occurrences, preclinical researchers continue to focus on strategies that prolong the persistence of CAR T cells in vivo, and in essence prolong the exposure of tumours to selective pressures, with less emphasis on methods of minimizing the escape and subsequent proliferation of antigen-loss variants.
of such an approach, and also sheds light on tumour immune escape as an unfortunate and limiting consequence of such a targeted T-cell-based approach.
Mutant KRAS is an oncogenic driver found in a multitude of human cancers and is critical for tumour development, progression and survival. A mutant peptide derived from KRAS G12D can be displayed as a neoepitope in the context of HLA-C*08:02, a class I major histocompatibility complex (MHC) molecule. The authors report on the isolation of a polyclonal population of CD8 + TILs capable of recognizing this mutant KRAS neoepitope in the corresponding HLA molecule. Following isolation and ex vivo expansion, these clones were infused back into the patient, resulting in successful long-term regression of most meta static lesions, except one. This single unrespon sive lesion was noted to have Adoptive cellular therapy (ACT) is now considered a bona fide treatment modality within the evolving field of anticancer immunotherapy. Great advances have enabled the adoptive transfer of tumour-selective lymphocytes for the treatment of a variety of malignancies. Unfortunately, this selectivity has led to the emergence of antigen-loss variants. New strategies need to be employed to minimize the incidence of this phenomenon, enabling the full potential of ACT to be realized. …cancers are able to adopt sophisticated contingency measures to evade complete eradication by cellular immunotherapies
Most of the evasion mechanisms described above occur as a result of the highly selective pressures created by targeting a single antigen. For the true potential of ACT to be realized, investigators need to research ways to minimize the risk of immune escape by broadening the selectivity of our interventions. One such approach is currently being tested in the setting of a clinical trial assessing the use of ipilimumab (an inhibitory antibody targeting cytotoxic T-lymphocyte-associated protein 4) before, and in parallel with treatment with ex vivo expanded melanoma-derived TILs 7 . A rationale for such a combination, as it relates to minimizing immune escape, is provided by the observation that ipilimumab substantially broadens the T-cell repertoire of patients with metastatic cancer 8 . Such a diversification would enable more-comprehensive coverage of the neoantigens presented by multiple HLA-class molecules, and hence minimize or even eliminate the risk of antigen-negative outgrowth that results from the introduction of a singular selective pressure. In the case of CAR T-cell-based ACT, simultaneously targeting two tumour antigens has been proposed as a way to prevent immune escape, with data from preclinical models successfully demonstrating the feasibility of such an intervention 9 . One final strategy that might synergize with all forms of ACT is the combined use with checkpoint inhibitors targeting the programmed cell death protein 1 (PD-1)/ programmed cell death protein 1 ligand 1 (PDL-1) axis. Whether or not enhanced tumour clearance actually minimizes the risk of antigen-escape variants emerging remains unclear, although such an approach is worthy of clinical assessment.
The future of ACT is bright and very promising. As with any other antineoplastic therapy, we are rapidly learning that cancers are able to adopt sophisticated contingency measures to evade complete eradication by
Macmillan Publishers Limited

T cell TCR Neoantigen
Tumour cell
HLA Nature Reviews | Clinical Oncology
Evasion
Tumour cell destruction cellular immunotherapies. As we uncover such escape strategies, we are able to further augment our interventions with the hopes of minimizing the possibility of such escapes. Immunotherapy is shaping up to be an arms race, one that we can and will win.
